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SPINDLE GRINDING METHOD AND 
APPARATUS 

BACKGROUND OF THE INVENTION 

This inventionrelates generally to truing the bores of 
rotary spindles, and more particularly concerns method 
and apparatus for effecting said truing by grinding the 
spindle bore while the spindle itself is rotating. 
There are many advantages to grinding a spindle in 

place, one being the low down time. If the spindle were 
to be removed, more than likely the bearings and seals 
would, or at least should, be replaced. This becomes a 
procurement problem. Some seals and bearings can be 
long lead time procurement items. The spindle then 
needs to be sent out for grinding. This is also time con 
suming. All of this processing requires highly trained 
personnel, because in reassembly bearing preload and 
alignment is important. 
There is another advantage to grinding in place, hav 

ing to do with negating the run-out inherent in the 
bearings. By grinding in place, all items are taken into 
consideration and trued up. 

Accordingly, there is need for improved method and 
apparatus to enable grinding of a machine tool spindle 
in place, i.e., without removing it from the machine. 

SUMMARY OF THE INVENTION 

Basically, the method of the invention comprises: 
a) providing structure including a master plate having 

a surface facing the bore, the surface having a predeter 
mined boundary to de?ne a center, 

b) providing an angled slide on the structure, the slide 
being movable endwise relative to the structure and at a 
predetermined angle to the spindle axis, the angle corre 
sponding to the spindle bore taper, 

c) providing a rotary grinder on the angled slide to be 
movable endwise therewith while the grinder rotates, 

d) adjusting the structure to bring the master plate 
surface into perpendicularity to the axis and to bring its 
center into coincidence with that axis, and 

e) operating the grinder to grind the tapered bore as 
the spindle is rotated and as the angled slide is moved 
endwise. 

Typically, the structure includes a bottom slide to be 
movable generally normal to the spindle axis, the master 
plate mounted on the bottom slide to be movable there 
with. Also, the master plate is typically provided with a 
boundary or edge extending about the master plate 
surface, that boundary used to center the master vplate 
relative to the spindle axis. Accordingly, a relationship 

_is established between the master plate, the bottom 
7 slide, and the angled slide, to provide a reference locat 

ing for the grinder relative to the spindle tapered bore 
to be ground in place. 
More speci?cally, the spindle grinder is set up using 

the master plate which establishes an X-Y plane perpen 
dicular to the center line established by the rotation of 
the shaft in the spindle bearings. After the X-Y plane 
perpendicularity is established, the outside circumfer 
ence of the master plate is swept to provide concentric 
ity to the center line of spindle rotation. With concen 
tricity established, the angled slide can be moved in and 
out to grind the spindle. 
The grinder is always working on a radian which 

passes through center; therefore, the X-Y plane rela 
tionship is always intact. 
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A further object involves providing the boundary of 

the master plate to extend circularly about the master 
'plate' surface, vand employing a sensor to engage the 
circular boundary during the d) step. 

Further objects include providing a motor drive for 
the rotary grinder to rotate same, and supporting the 
motor on the bottom slide; and moving a rotary grind 
ing head defined by the grinder along a slant height 
defined by the rotary tapered bore of the spindle rotat 
ing in place to accomplish truing. 

Apparatus for grinding the spindle bore basically 
comprises: 

a) structure including a master plate having a surface 
facing the bore, the surface having a predetermined 
boundary (for example a circular edge) to define a cen 
ter, 

b) an angled slide on the structure, the slide being 
movable endwise relative to the structure and at a pre 
determined relative angle to the spindle axis, the angle 
corresponding to the spindle bore taper, 

c) a rotary grinder on the angled slide to be movable 
endwise therewith while the grinder rotates, 

d) the structure being adjustable to bring the master 
plate surface into perpendicularity to the axis and to 
bring its center into coincidence with that axis, 

e) whereby the grinder may be operated to grind the 
tapered bore as the spindle is rotated and as the angled 
slide is moved endwise. 
These and other objects and advantages of the inven 

tion, as well as the details of an illustrative embodiment, 
will be more fully understood from the following speci 
?cation and drawings, in which: 

DRAWING DESCRIPTION 

FIG. 1 is a section taken through a spindle, the bore 
of which is to be ground in place; 
FIG. 2 is a schematic view of apparatus and method 

for accomplishing the in-place grinding of the spindle 
bore; and 

FIG. 3 is a schematic view of a somewhat modi?ed 
apparatus. 

DETAILED DESCRIPTION 

In the drawings, a rotary spindle 10 is rotatable by 
means generally indicated at 11, to rotate about an axis 
12. The spindle is typically used during machining, such 
as milling, and may receive the shaft of a milling tool, 
the shaft engaging the spindle tapered bore 13. The 
latter typically becomes larger at its larger end 130 in 
use, due to wear. Also, chips and other foreign material 
may become trapped at the taper and cause deformation 
and taper deterioration. This can lead to decreased tool 
life, excess vibration, out of tolerance condition of the 
work to be machined, and poor ?nish of the latter. 

In accordance with the invention, and referring to 
FIG. 2, method and means is provided to perform 
grinding of the spindle without removing it from the 
machine tool apparatus, i.e., in-place grinding to “true 
up” the bore relative to axis 12. In this regard, the 
method, as claimed herein, may be carried out using 
apparatus to be described, or other equivalent appara 
tus. Such apparatus includes structure, including a mas 
ter plate having a surface facing the bore 13, that sur 
face having a predetermined boundary to define a cen 
ter. See for example the structure 20, which includes a 
bottom plate 21 supporting a bottom slide 22, slidable 
on the plate surface 21, in X-Y directions generally 
perpendicular to the Z axis direction of axis 12. 
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Directions X-Y-Z de?ne a rectangular coordinate 
system. The slide 22 may alternatively be moved in only 
the X direction. Suitable means is provided for holding 
the slide at its adjusted position'relative to plate 21, such 
means indicated at 24 in two positions associated with 
the X and Y axes, and which may include suitable 
clamps which are adjustable. 
The bottom plate 21 may itself by adjustably attached 

to support structure or machine bed indicated at 25 and 
associated with 10, and may be adjustably tilted rela 
tively to 25, at two 90' locations by means indicated 
generally at 26, as for example jack screws. ’ ' 

The angled slide 27 is supported by mount 28a rigidly 
mounted at 28 on the bottom slide 22, the slide 27 being 
movable endwise (see arrows 33) relative to is the struc 
ture 20 and at a predetermined angle a relative to the 
plane of the top surface 29 of the master plate 30. The 
latter is carried at 140 by the bottom elide 22. The mas 
ter plate 30 is movable with the bottom slide 22, since it 
is rigidly carried thereby, and movable in X and Y 
directions with 22. 
A rotary grinder 31 is carried on the angled slide 27 

to be movable endwise therewith in direction 33, while 
the grinder head 31a is rotated about an axis 32 parallel 
to the direction of sliding movement of the slide 27.jSee 
arrows 33. A motor to rotate the head 31a is indicated 
at 34; and 35 indicates the slidable connection of the 
grinder head to move endwise in the direction of axis 
32. . . . 

The grinder head 31a is operated to engage thespin 
dle bore 13 for grinding same to true the bore as the 
spindle rotates and as the head rotates, whereby the 
bore is concentrically trued about the axis 12. 

In accordance with a further aspect of the invention, 
the structure 20 is adjustable to bring the master plate 
surface 29 into perpendicularity to the axis 12, and to 
bring the center 29a of that surface into coincidence 
with axis 12, after which time the grinder may be oper 
ated, as described, to true the bore. The master plate 30 
has a boundary extending about the plate surface 29, 
that boundary being employed during the adjustment of 
the structure 20, as referred to. Typically, the boundary 
indicated at 38 extends circularly about the master plate 
surface, and about center 29a, whereby a sensor, includ 
ing an indicator 39, may be employed to engage the 
circular boundary during the adjustment of the struc 
ture 20, as referred to. The indicator is carried by a shaft 
40 associated with the spindle, that shaft having an axis 
coincident with axis 12. During set up, the shaft carry 
ing the indicator is rotated about axis 12, and the indica-_ 
tor tip 390 engages the circular boundary, or edge 38, of 

_ the plate 30 and surface 29. 

If the indicator displays no‘ gauge movement as shaft 
40 is rotated, it means that the adjustment of the struc 
ture 20 has been such as to locate surface 29 perpendicu 
lar to axis 12 and to locate edge 38 concentrically about 

a 

55 

65 

4 
axis 12, and to locate center 29a coincident with axis 12. 
Such adjustment includes adjustable tilting of plate 21, 
and X-Y adjustment of the bottom slide 22 relative to 
plate 21. 

Thereafter, the grinding tool may be operated, as 
described, to true the tapered bore 13. As referred to, 
vthe grinding tool 31 may be moved endwise in opposite 
directions 33, is now correctly angled relative to axis 12 
'for correctly truing the tapered bore about axis 12, as 
the grinding head is moved endwise back and forth. 

After completion of grinding, the apparatus is sepa 
rated from the spindle, and the latter is then in condition 
for mounting a rotary tool machine engaging the bore 
13. 

Referring to FIG. 3, the modi?ed apparatus is gener 
ally like that of FIG. 2; and corresponding identifying 
numerals have an appended prime designation. Two 
indicators, 139’ and 239', are employed on 40’ and have 
tips 139’a engaging the top surface 29' near its outer 
edge, and engaging the outer cylindrical surface 130’ of 
plate 30'. A machine bed is seen at 25’. 

I claim: 
1. A method of grinding the bore of a rotary spindle, 

said bore having a taper, to true said bore while the 
spindle rotates about a spindle axis, the steps that in 
clude 

a) providing structure including a master plate hav 
ing a surface facing said bore, said surface having a 
predetermined boundary to de?ne a center, 

b) providing an angled slide on said structure, the 
slide being movable endwise relative to said spindle 
and at a predetermined angle to said axis, said angle 
corresponding to the spindle _bore taper, 

c) providing a rotary grinder on said angled slide to‘ 
be movable endwise therewith while the grinder 
rotates, 

d) adjusting said structure to bring said master plate 
surface into perpendicularity to said axis and to 
bring said center into coincidence with said axis, 
and 

e)'operating said grinder to grind said tapered bore as 
the spindle is rotated and as said angled slide is 
moved endwise at said predetermined angle to said 
structure. 

2. The method of claim 1 wherein said structure in 
cludes a bottom slide to be movable generally normal, to 
said axis, and mounting said master plate on said bottom 
slide to be movable therewith. 

3. The method of claim 2 including providing a motor 
drive for said rotary grinder to rotate same, and sup 
porting said motor drive on said bottom slide. 

4. The method of claim 1 wherein said grinder in 
cludes a grinding head, and said operating said grinder 
includes moving said head along an angle de?ned by 
said rotating tapered bore. 
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